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Social cognition and executive difficulties in the workplace post-injury
The psychosocial consequences of both executive functioning and social cognition difficulties are now accepted as significant and enduring, with negative outcomes associated with such deficits including marital relationship quality (Blonder et al., 2012; Yeates, 2013) , and community integration (Knox & Douglas, 2009; Struchen et al., 2008 Struchen et al., , 2011 . A return to a vocational role, either paid or voluntary is a desirable rehabilitation outcome. It provides an answer to the often posed question "what do you do then?" It can be a marker of continuity if there is a return to a pre-injury role and/or the possibility of a new meaningful opportunity if it is a transition from unemployment and inactivity to vocational engagement. As such a vocational role is a vital building-block within the ongoing task of identity reconstruction post-injury (Walsh et al., 2014) . A range of psychological, social and financial gains for survivors and relatives follow from a successful resumption of vocational activity (Mills & Kreutzer, 2015; Tyerman, Tyerman & Viney, 2008) .
However injury-related changes themselves have been shown to challenge the return to vocational activity. Injury severity has been identified as a predictor of vocational status five years postinjury (Wehman et al., 1993) . Furthermore, specific domains of cognitive impairments have been identified as barriers to work post-injury. Predictors of negative vocational outcomes (demotion, reduced vocational status from pre-injury roles and unemployment) include executive dysfunction (Crepeau & Sherzer, 1993; Nybo et al., 2004; Vilkki et al., 1994) , social communication impairments (Power & Hershenson, 2003) . The latter include difficulties in turn-taking and regulating quantity of verbal output (Watt & Penn, 2000) , emotion-recognition and social communication (Knox & Douglas, 2009 , Struchen et al., 2011 , overt inappropriate behaviours such as irritability (Groswasser et al., 1999; Wehman et al., 1993) , and other changes described at the level of personality (Brooks et al., 1987) . These predictors have been demonstrated alongside mental health status post-injury (Hoofen et al., 2001 ) and a lack of awareness of disability (e.g., Sherer et al., 1998; Watt & Penn, 2000) . Struchen and colleagues (2008) found that a combination of social communication and executive function ability in survivors predicted a significant amount of variance in an occupational functioning measure, beyond demographic and other injury-related variables.
These constellations of difficulties present a challenge to the rehabilitation clinician, equipped with a knowledge and experience of brain injury sequelae. The world of work is a step away from this specialist knowledge, with colleagues and managers often having little or no brain injury-related knowledge. Instead of a rehabilitation or neuropsychological framework, work-staff are likely to make sense of instances of executive and social communication difficulties through a different set of referents, beliefs and expectations. These are often based on a language of productivity and diligence, the right kind of work ethic and attitude, being a team player, trustworthiness, and harassment and prejudice.
Vocational rehabilitation response to interpersonal challenges in the workplace
Furthermore, instances of such difficulties are likely to be significant challenges to work supervisors and colleagues. To someone without brain injury knowledge, exposure to these problems must be a confusing experience. A survivor may be functioning inconsistently over time and situations. There might be a disconnection between what a survivor is saying about their performance and what would actually be happening. In other instances these encounters may be uncomfortable or even hurtful for employees. Colleagues may feel intimidated, awkward or offended by the comments or behaviour of some survivors during a coffee break (Bowen, Yeates & Palmer, 2010) . It becomes clear that when comparing instances of these difficulties with the work-place corporate language and belief systems mentioned above, there is a far less than ideal fit between the two, unlikely to promote understanding and management. A line manager, while trying to be understanding and accommodating to a survivor's needs in the workplace, would also be organised by a duty of care to non-injured employees and so be limited in the support and opportunity that can continue to beprovided to a survivor over time.
While a key element of vocational brain injury rehabilitation is the liaison between clinicians, job coaches/vocational specialists and employers or placement providers, it is rare for such staff to be present constantly alongside the survivor while in the work environment. The impact of executive and social communication difficulties will therefore be constructed through the eyes and frameworks of work colleagues at the moment they occur. Even rehabilitation efforts to forewarn work personnel about such challenges and support the sense-making and responses of employers have been described as limited (Bowen, Yeates & Palmer, 2010) .
Meaning-making social systems in the workplace
Therefore the perceptions, belief systems and language of employers, work colleagues and vocational placement providers remain significant, the psychosocial context within which the aforementioned neuropsychological difficulties occur during survivors' vocational activity. Outside of neurorehabilitation, there is an established tradition of systems/cybernetics/social constructionist approaches to work organisations (Campbell, Coldicott & Kinsella, 1994) . That is, the understanding of how meanings and roles are constructed within the active social processes of the work organisation and the use of this understanding to guide supportive interventions that are congruent with the idiosyncratic meanings and social structures of the given organisation. This approach may offer value to vocational rehabilitation, and has been tentatively explored by Bowen and colleagues (2010) and Bowen, Yeates and Palmer (2010) . Within this approach, the understanding and management of the impact of executive and social communication difficulties in the workplace would require a simultaneous focus on the unique ways in which such difficulties are interpreted and accorded meaning by work colleagues, and the resultant social processes that may ensue from such interpretations. The latter would likely have a bearing on vocational outcome for the survivor.
The aforementioned research linking executive and social communication difficulties with negative vocational outcomes can be developed through process research identifying mediating/moderating factors and likely causal paths between survivor injury/adjustment-related variables and eventual vocational outcomes. The perceptions and belief systems of work colleagues is likely to be one such critical process variable.
Research strategies to elucidate workplace appraisals of interpersonal behaviour
A pluralist methodological approach to this topic would is advisable. A qualitative investigation of the actual language, beliefs and frameworks used in the accounts of employers/workcolleagues in their sense making of survivor neuropsychological difficulties would yield rich information. Sale and colleagues (1991) adopted a qualitative approach in their interviews of employers, and report that "interpersonal difficulties", "social cue misperceptions" and "inappropriate verbalisations" were the most common causes of job-separations for traumatic brain injury survivors. In their interviews of both workers and supervisors working alongside survivors, Meulenbroek and colleagues (2016) identified a range of communication skills necessary for optimal vocational functioning, including social communication. Further qualitative work is needed that is focused on the language used by employers in making sense of these and related difficulties.
This approach would be complemented by quantitative paradigms aiming to identify generalizable inter-relationships between the critical variables discussed above. This study adopts such an approach, a quantitative investigation of the interrelationships between survivor neuropsychological functioning (considered to be stable, 18 months plus post-injury) and work supervisors' perceptions of survivor social skills and interpersonal behaviour, using employment terms of reference rather than clinical rehabilitation language. This approach is consistent with the theme of the special issue as a whole, as the workplace following brain injury is considered to be a unique relational context. In this setting the meanings and appraisals formed within constituent social relationships are assumed to be significantly different from those formed in the rehabilitation and family/home contexts. The discernment of significant interrelationships between these variables would be valuable in targeting vocational rehabilitation efforts aimed at maximising employment outcome, by both supporting survivors' impairments through compensatory strategies and responding to the perceptions of employers and work colleagues.
Based on the existing literature, it is hypothesised that measures of survivor social cognition will predict supervisors' appraisals of workplace interpersonal behaviour. In addition, the existing demonstrated social outcomes from executive dysfunction in survivors in previous studies led to the hypothesis that executive functioning measures will have an additional association with the primary outcome measure. However it is hypothesised that less variance in the outcome will be predicted by an executive functioning measure, as this association is considered to be indirect.
Method

Participants
Brain injury survivors
73 survivors of moderate-severe acquired brain injury (at least 1.5 years post-injury) participating in vocational rehabilitation (across three rehabilitation sites in the UK). Demographics and injury-related data are presented in Table 1 . 73% were male, 27% female. Traumatic brain injury survivors made up the majority of the sample (47%), followed by cerebrovascular accident (ischaemic and haemorrhagic, 38%). Other ABI subtypes in the remaining category included hypoxia, infection and post-surgical tumour resection.
As the sample was recruited from vocational rehabilitation programmes, survivors did not demonstrate a level of communication, cognitive or behavioural problems that would preclude their participation in community and vocational activity. As such they are also typical of the survivor subgroup who will attempt to return back to work post-injury. Survivors were either participating in, or had just completed a minimum 3 months or ongoing work trial. These were in charities or other 3rd sector organisations or a return to a pre-injury employing organisation but in a protected role with fewer responsibilities.
Vocational supervisors
These were purposively selected as non-clinicians, employing a supervisory workplace perspective on behaviour and productivity rather than a clinical focus on neurological injury, cognitive impairments and mental health. 33 informants made the ratings using the outcome measure of the 73 survivor participants. These informants were either job coaches (57%), or work placement providers (43%). The former acted in a bridging role between the clinical team in the vocational rehabilitation services and the workplace, identifying, establishing and maintaining work placements, and acting as the main point of liaison with the employer.
Procedure and measures
All survivor participants completed a battery of neuropsychological tests and self-report mood questionnaires. At the same time vocational supervisors completed the Work Personality Profile (Bolton & Roessler, 1986) , to enable a cross-sectional correlational analysis.
Primary outcome measure -Work
Personality Profile The Work Personality Profile (WPP, Bolton & Roessler, 1986 ) has been developed and validated for use in vocational settings, particularly in sheltered work and rehabilitation contexts. It is available as a self-report measure with a parallel version designed to be completed by a vocational informant who rates a client's vocational performance in areas relating to personality, motivation and interpersonal behaviour as applied to work. The WPP has 58 items, rated 1-4, with higher scores indicating greater proficiency (and x for no opportunity to observe the behaviour). A range of subscale scores are calculated: 5 factor-derived scales and 11 'rationallyderived scales'. Those items specifically relating to interpersonal behaviour were of interest in this study, and accordingly the factor analysis-derived Social Skills Factor subscale was extracted as this study's main outcome measure. This subscale is comprised of 12 items, including: "shows interest in what others are doing" . . . . "seeks out co-workers to be friends" . . . . "appears comfortable in social interactions" . . . "supportive of others in group tasks" . . . "offers assistance to co-workers when appropriate".. "is sought out by co-workers". The WPP Social Skills subscale has an internal consistency of 0.83 and inter-rater reliabilities of 0.35 to 0.44. The WPP has acceptable convergent validity with measures of vocational aptitude and adequately predicts vocational outcome for respondents undergoing vocational training (Bolton, 1985) .
Survivor executive functioning
All survivors were tested on neuropsychological measures of executive functioning and social cognition measures (at 10.5 years post-injury or longer) as part of their clinical pathway and this data was accessed for this study. As such, the executive functioning measures were selected for either their ecological validity or the significance of the underlying construct for vocational outcome as identified in previous studies. The tests included measures of goal-directed formulation and implementation of plans: the Zoo Map and Modified 6 Elements subtest from the Behavioural Assessment of Dysexecutive Syndrome (Wilson et al., 1996) (Burgess & Shallice, 1997; Wilson et al., 1996) . A case has been made for the ecological validity of many of these tests (Burgess et al., 1997) , and survivor scores on the two BADS subtests correlate with ratings of dysexecutive problems in everyday life made by significant others (Wilson et al., 1996) .
Survivor social cognition
These measures included tests of mentalising/theory of mind, the ability to infer the intentions and perspectives of others. These measures werebased static visual/facial stimuli (Reading the Mind in the Eyes Test, Baron-Cohen et al., 2001 ) and on story vignettes (Recognition of Faux Pas Test, Stone et al., 1998) . For the latter the standard total score ut of 40 for the 10 faux pas stories were used, in addition to two supplemental scores that categorise different types of mentalising error, first order errors where the impact on the victims of the faux pas was not detected, and intentionality errors where the naïve intention of the unwitting perpetrator of the faux pas (question 4 "why did they do it?" for each story) was not recognised (for details on this scoring procedure, see Yeates and colleagues, 2013) . Mentalising has been identified as an essential component of wider forms of social inference, such as the detection of differing forms of sarcasm, sincerity and deceit. These abilities were tested using the video social scenario stimuli in parts 2 and 3 from The Awareness of Social Inference Test (TASIT, McDonald et al., 2003) .
Additional social cognition abilities included video-based test of emotion recognition was used (Emotion Evaluation Test, Part 1 of the TASIT, McDonald et al., 2003) , alongside a vignette-based task of social judgement-making, including the detection of violations of social norms (Social Situations Task, Dewey, 1991) . The final social cognition test was a gamble task paradigm of emotion-based decision-making (Bangor Gambling Task, Bowman & Turnbull, 2004) , the use of gut-feeling to guide decision-making in ambiguous scenarios.
In terms of psychometric properties, reliability estimates for the TASIT subtests ranged from 0.7 to 0.9 and correlations with other social cognition, information processing and executive functioning tests are in line with theoretical assumptions of the interrelationships between these neuropsychological constructs (McDonald et al., 2006a) . The ecological validity of the TASIT has been demonstrated via significant correlations between test performance and everyday social-conversational abilities (McDonald et al., 2006) . The two mentalising tasks used in this study have been shown to converge with other measures of mentalising (Baron-Cohen et al., 2003; Stone et al., 1998) and test performance predicts aspects of interpersonal and social functioning, as rated by others (Milders et al., 2001) . No reliability information has been published for the Social Situations Task or Bangor Gambling Task. Njomboro, Humphreys and Deb (2014) discerned ABI survivors from controls using the social situations task. Bowman and Turnbull (2004) demonstrated adequate convergent validity between the Bangor Gamble Task and the Iowa Gambling Task (Bechara et al., 1994) , and similar sensitivity to lesions of the neuro-anatomical substrate hypothesised to mediate emotion-based decision-making.
Survivor emotional functioning
As the relevance of TBI survivor emotional status to vocational outcome has been demonstrated by van der Horn and colleagues (2013), this was opera-tionalised as variable to be controlled for in this study. Survivor emotional functioning was assessed using self-report questionnaires of anxiety and depression (Hospital Anxiety & Depression Scale, HADS, Zigmond & Snaith, 1983)and post-traumatic stress (Impact of Events Scale-Revised, Weiss & Marmar, 1997) , both with acceptable psychometric properties and widely used within ABI samples in previous research.
Analysis
The measures were entered into blocks of correlational analyses with the WPP, grouped by classification: demographics, mood, executive functioning, mentalising and social inference, with a final block comprising emotion recognition, social judgements and emotion-based decision-making. Those correlations that were significant at p < 0.05 were then entered into a hierarchical multiple regression with WPP ratings as the dependent variable. The risks against making a type I error given the large number of variables were considered to be low as a) the associations between similar neuropsychological and vocational variables of interest have been demonstrated in previous studies and b) in the final regression analysis the use of the more conservative computer-generated stepwise variable entry method with the significant correlates will further reduce the risk of type I error.
Results
Descriptive analysis
The means and standard deviations of survivors on all neuropsychological tests, mood questionnaires and their ratings by vocational informants on the Work Personality Profile Factor 2 subscale is summarised in Table 2 below. There were no significant differences in scores on measures between age categorisations, gender or injury subtype:
Correlational analysis
Pearson one-tailed correlation coefficients were calculated, following a priori assumptions of the directions of possible relationships. Scatterplots were examined to confirm that the assumptions of the test were met. There were no significant associations between the continuous data in the demographics, injury-related and mood-self report data and the WPP scores.
Tables 3-5 below present the results of correlational analyses of the relationship between the WPP SS scores and tests of mentalising and social inference; emotion recognition, social judgements and emotion-base decision-making; executive functioning.
In the mentalising and social inference block (Table 3) , there were significant positive correlations between the WPP-SS and Faux Pas Test faux pas stories total score (r = 0.263; p < 0.05), a significant negative correlation with Faux Pas Test First Order Errors Total score (r = -0.387; p = 0.001), and a significant positive correlation with TASIT Part 2 Simple Sarcasm Total Score (r = 0.273; p < 0.05). In the next block of social cognition measures (Table 4) , WPP-SS scores were significantly positively associated with Emotion Evaluation Test (EET) Total (r = 0.385; p = 0.001), EET Positive Emotions Total (r = 0.298; p = <0.05), and EET Negative Emotions Total (r = 0.364; p < 0.01) scores, in addition to the Number of correctly identified instances of social rule violations (r = 0.274; p < 0.05) on the Social Situation Task. In the executive functioning block (Table 5) , the only significant association was a positive correlation between the Modified 6 Elements Profile Score and the WPP (r = 0.312; p < 0.05). All of the other associations from all of the aforementioned variables were non-significant.
Regression analysis
Initially, the demographic and injury-related measures were entered as predictors for each variable, to control for these factors. No significant results were found and the analysis proceeded to the next stage. The five significant neuropsychological correlates of the WPP scores from the previous analysis were entered into ahierarchical regression analysis, via the software's (SPSS) automatic stepwise procedure. This generated a first model where Faux Pas First Order Error score predicted 19% of the variance in WPP ratings (F (1, 53) = 11.83, p = 0.001). A second model was then produced where a combination of Survivor Faux Pas First Order Error Scores and Modified Six Elements Profile Scores predicted 32% of the variance in the dependent measure (F (2, 52) = 12.15, p < 0.001). The full results of the regression analysis are summarised in Table 6 below. 
Conclusions
Study findings and limitations
This study adds to previous findings in highlighting the significance of survivorsocial cognition and executive functioning for the work environment, in particular mentalising and goal-orientated plan formulation and implementation. The respective contribution of the two variables in explaining the variance in workplace appraisals of survivor interpersonal behaviour were in line with our hypotheses (that survivor social cognition functioning would have a greater association with the outcome variable). However, the fact that the goal-directed planning/implementation executive functioning variable demonstrated a greater predictive association than a range of other social cognition variables was counter to our general hypotheses. Based on the variables operatioanlised in this study, these findings can act to refine our understanding of the relationships between survivor social cognition, executive functioning and work supervisor appraisals of interpersonal behaviour specifically.
That is, it is mentalising rather than emotion recognition, other forms of social inference, social judgment making and emotion-based decision-making that seems critical for supervisors' perceptions of social behaviour in the workplace. Furthermore, it is mentalising in combination with planning and organising that has the greatest bearing on others' perception of work-relevant social skills and behaviours. In the unique social context of the workplace, the ability to represent the perspectives of others based on the situation and their behaviour, together with the ability to formulate and implement plans of action in response to multiple goals, has the greatest fit with the intrinsic and unique social aspects of work environments. There will of course however be considerable variation across work roles and settings. These aspects include more formal social rules and conventions, the need to negotiate multiple and differing social roles within one setting (e.g., CEO, supervisor, colleagues known well or otherwise, and customers (whom may vary in their perspectives and needs). These elements occur alongside the need to attend to task-related goals, environmental distractions and other non-social information.
While not contributing to the predictive regression equation, the significant correlations with sarcasm detection, emotion recognition and social rule violation detection also suggest their relevance to workplace interpersonal functioning. These correlates would not be taken forward in the planned analysis if a Bonferoni correction was applied to compensate for the large number of comparisons (which would yield a threshold significance level of p < 0.01 for each correlate). However these variables are consistent with some of the findings of social cognition abilities relevant to the workplace reported in previous studies (Knox & Douglas, 2009 , Struchen et al., 2011 .
An additional perspective is that the majority of the variance in the outcome measure has not been explained by the independent variables operationalised in this study. Workplaces and the social appraisals formed within them are complex contexts with multiple influences and processes. It is also likely that task demands and roles unique to specific work situations, varying across job types will determine the impact of specific survivor social cognition and executive functioning abilities.
The novel contribution of this investigation is to employ an outcome measure sensitive to the language and frames of reference common to the work place when an individual's personality, behaviour and conduct as an influence on other colleagues is appraised and evaluated. Indeed it is interesting that both mentalising (the ability to infer the intentions and perspectives of others) planning/organising and have a combined predictive relationship with vocational informants' ratings of social skills. This shows both the social relevance of each function (and in combination, such as difficulties holding others in mind when struggling to manage multiple, concurrent goals) but also the independence of work supervisor categorisations from neuropsychology functioning typologies. For example, it is plausible that difficulties in planning and organising can be perceived by work colleagues as disrespectful and inconsiderate of the needs and experiences of others. It is argued here that the vocational informant perspective is the most relevant and enduring frame of reference against which survivor neuropsychological impairments and emotional difficulties are understood and accorded meaning. That is, more enduring than the time-limited perceptions and responses of vocational rehabilitation specialists and clinicians.
Major limitations of this study are that the survivors in the sample were in vocational placements in liaison with a brain injury rehabilitation service, and the work supervisors were inevitably influenced to a greater or larger degree by this perspective. The level of association varied from job coaches as the closest in position to clinicians, and placement provider key contacts as the furthest away in perspective, but still in liaison with the vocational team. As such the educational and supportive influence of the clinicians cannot be ignored and this demarcates a possible significant difference from the perspective of employers and work colleagues who have no contact with a vocational brain injury rehabilitation service. The latter group would be harder to sample, and as noted in the introduction, vocational placements do still struggle and even fail despite vocational rehabilitation specialist intervention. It is assumedtherefore that the data and conclusions reported here do have some generalisable value to the workplace following brain injury as a whole. This requires further confirmatory validation in future studies that are able to investigate other workplace informant samples.
Recommendations for future research
The associations demonstrated in this crosssectional study require replication and further con-firmation in subsequent studies. Future quantitative research is required using prospective longitudinal and time-series designs to track trajectories of workplace interpersonal ratings over-time following a baseline period of neuropsychological assessment, and in addition identify any additional mediating or moderating influences of other situational variables. This will substantiate assumptions of causality from the associations identified in the current crosssectional study. Additional research goals would be to investigate the predictive utility of other measures of social cognition and executive functioning in relation to workplace social skills. The latter outcome variable may also be more sensitively explored using an alternative quantitative measure from the occupational psychology literature, hitherto unidentified in brain injury research. Finally, as mentioned in the background section, a parallel research strategy would be the use of qualitative methodology to interview those connected to survivors of brain injury in the workplace. The rich details and nuances of how survivor neuropsychological difficulties in social cognition and executive function are identified, constructed and accorded meaning or importance within differing work settings and roles could be sensitively explored within a qualitative paradigm.
Implications for vocational rehabilitation
The limitations of this data withstanding, this study cumulatively adds to its predecessors in making a case for social cognition difficulties to be a focus of vocational rehabilitation, consistent with recent calls to support and develop the emergence of positive psychological skills in the workplace (Mills & Kreutzer, 2015) . The data reported here signpost to the trial of both cognition rehabilitation strategies for the survivor, and intensive liaison with employers/placement providers. With regards to the former, those social cognition rehabilitation approaches that aim to teach specific emotion recognition, mentalising and social problem-solving skills in a scripted, controlled manner (e.g., Bornhofen & McDonald, 2008 ; for an overview of strategies, see Yeates, 2014) , are most likely to be useful in guiding survivors in customer-facing roles. These and certain in interactions with colleagues which are predictable, controlled and guided by a protocol would be most amenable to these interventions. These strategies direct the survivor to attend to certain aspects of facial expression, posture or voice in others. Alternatively/in addition, survivors are prompted to conjecture at underlying perspectives, intentions and other mental states of others, perhaps in response to the survivor's own behaviour (e.g., the T-ScEmo intervention reported by Spikman and colleagues, 2013). The findings above also suggest the possible social value of executive strategies such as Goal Management Training (Robertson, 1996) and the use of checklists, pagers and alerts (Burke et al., 1991; Manly et al., 2004) in the workplace.
It is arguably those social interactions characterised by subtle and changing norms that are harder to support (e.g., moderating conduct with colleagues based on changing familiarity, changing background context such as on-task versus during break-time, but still discerning the difference between a colleague and a friend). These moments require on-line, responsive and flexible socio-emotional processes. Perhaps the use of a social communication partner, as advocated by Leanne Togher and colleagues (2004;  this issue) may confer a unique role in these vocational settings, where safe online feedback can be provided, and appropriate responses prompted as a survivor negotiates the social dimension of their workplace.
Finally, all of these survivor-focused intervention approaches need to be implemented alongside concurrent support offered to the employer and work colleagues. Ongoing liaison with the vocational rehabilitation team, providing education of social cognition difficulties ahead of their emergence in the workplace, and offering varied and responsive points of contact for those in the workplace will contribute to the creation of conditions for open, supportive conversations and timely interventions. However the likelihood of employers to raise the occurrence of social transgressions in a timely manner is still not guaranteed with such supportive measures in place.
